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S^S:'I1 OH.Jun-Woo 

[^El^^eim] 610512-1023327 

[oeam] 132-034 

[3^^] MmmmA\ es^ ^^S4S &sfonuM 702-109 

KR 

s.^m {21) cHBiei 
(ei) 

20 B 29,000 @ 

0 a 0 a 

0 2! 0 ^ 

[^AF^^Sl 8 S 365,000 B 

imm 394,000 m 

[^^S^ 197,000 ^ 

1, fi^^Ai-SA||A1(Ea)_1S 
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^ ^^^^7>r^ ^-§-^ t:lpfl^oflBll5.(dimethyl ether, DME)^^ 

^^71->2(H2/C0)S.^b;| D»IE« SI'H'H. DME ^-§-W-^«^l>H 

'^^^^TlM- Afls. iE-^S)^ <^l<i^^^(C02)* ^-i-^l'^'H ^H^^^ ^^A^7>^ ^ 

4-^17^ ^^2}-^rt(C0)^ ^ <^1* DME ^-§-7]^ J^fl^^^l^l^ -gr 



£ 1 
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'^^030064296 "^^>= 2003/10/4 

^^A^7]->^ ^-g-^ o]J^^ x:]v\]^<>\]^]^B\ ^lS>g-^ {PROCESS FOR THE PREPARATION OF 
DIMETHYL ETHER USING REVERSE-WATER-GAS-SHIFT REACTION} 



<2> -g- ^^>^^7>rii(reverse-water-gas-shift: RWGS) ^-§-^ <»1-§-^ rlp|)^«ill^l = 

>ll2:«<3-i^oll ^^S.. DME ^^^^^ ^S.^ 

^si^^^ 71^1^1 ^^^^7>^ ^-i-^ oi-§-^><^ ^^^m ^ DME ^-§- 

71S. ^^l^^'^'l^l^A-l DME» ^7fl^^ DME ^'^J^^*^ ^^1^. 

<3> :z ^^ol LPG^q- -a-'«'>*>^^ -2.^1 «^ ^'^I'H -^4^^ 

<^ 'ii^^^i Jl-§- 7}^]7} 3.31, H^^S.^^ ;^1S«>^ MTGCmethanol to 

gasoline) ^.^^ <>]■%■ 7>^^ol ^c} ^^^ol ^-fr 

22-4 



^Rb030064296 %■^ 'U^}'- 2003/10/4 

s.* ^^*>fe ^^^'^^^'^l '"'V-I-sIjI Sife-cflCK. Fujimoto et. al.. Chemistry letters, pp 
2051-2054), o] ^^^(equilibrium conversion)^! ^Tfl ^ $Xo] 2^:AM 

^t!: DUE «ltfl ^el^Vr!-. n^-el-^i , A>^£l^ ^uflo^ 7fl^^<^ DME 

<5> <^1-1- t:'!-^ >ll 4.098.809 :&<^1>H^ ^]^^ ^'^J ^sl/<i>^/a.^ 

(Cu/Zn/Cr)* A>-g-^>i av ^n))^ 'yr^i^lM-* ^'^V-S-^V'^ 7l->iS.^Bl DME« ^I2:*>^t1-. S£ 
tl:, nl^ s-^S] 4,375,424 Jl-^Ia-^^ io% ol-5]-o^ Cu ^ Zn ^t^> ^^1^1 

?1 >11 4,417.000 xj. ^pfl^ ^B^^]. ^^Piq-ofl AV^l-^ 

^^^lA]^ >11 4,590,176 ^El/«^^D]t+/a.S.^>olH zl-z!- A> 

<7> [^-§-^ 1] 

CO + 2H2 ^ CH3OH 

<8> [«V-g-^ 2] 

2CH3OH ^ CH3OCH3 + m 

<9> [^-5-^ 3] 

CO + H2O ^ CO2 + H2 
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030064296 #^ «^^>: 2003/10/4 

<10> {BV^^ 4] 

3C0 + 3H2 ^CHsOCHa + Ofe 

^^rSi^ ^^^<^1 #-§-A) 4ofl uj-Bl-i^ vi\.si\. :^o] DME 11- a] oix]:^^^ l^o] 

tifl#^l-7fl DME -^^^^^ at!: ^i^V^cf. tc|-e)-Ai. DME 

^^^^ '^^^<^n^S.S\ 2til]<^l'1b^ o]AVsj.^^oj] tfltt -^1 

1-tifl DME ^#<il ^JL, •^A^3El^ DME 1^^ ^It^^V}^^ ^^^^ 
o]A].^E3->i>7> tl]7l^^^ ^ 0.44 ^^S. tfl^ afl^^cl-^ ^^o] ojc:}.. 
:i3> BE^, DME ^-§-Al ^■%-7}^z «a'a-^^^7> 1:1S S}:-§-*l-S.S- ^-i-71-^ 

-ar^^iiiofl tfl^ ^^6^ w]7l- 1.5 DME ^'^^^-i- ^ <il-a::^^dia >ll7l^ ^ p]^ 

^A^7>ii^ ^^71- 3\-o^<^ -^^l*]-7fl DME ^S<^^^«=>1 ^<^>^cffe 

7> 
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<U7^: 2003/10/4 



<14> ^ tfl7] ^^S.S] o]^^^±. tifl#%=* ^dbAl^l^ ^A]oll DME 

^ 4- SX^, DUE ^^1^13-^^ A'E-^^ ^'=>]^. 

<16> oj^V, -g- ^i:^^ c-]^ -i^tbT^. 

<17> ^ 7l^^ 1^:^! DME "t^ o1^^^^7> 5^-^ o]^% 

9in DME 42: ^#o] ^ov^cvfe «a^^V7l ^§V<^, ^-i- ^ 

C02«- ^'^^^7}^l ^-i-^ #pfl* ^-^^V^ «^A^7>^ ^-§-715. s.^*>o^ ^-§-:^H>«'-1 J^fl^^^ 

A]^ ^ o]^ DME ^-§-7lS. ^^^^It'I^^I DME» DME ^o]^ 

<18> [^^^ 51 

CO2 + H2 CO + H2O 
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'^1^030064296 "^^V- 2003/10/4 

a9> ■ ^ ^^ffl ^T^^^7>rfi ^-§-^ 400 ^fl^l 1200 X:, ti>^^*>7fl^ 500 tfl^l 

1000 V 1 100 7]^. wV^^js^l-Tll^ 1 ifl:^l 20 7l«a- ^^^^ <g-^^Hl^i 

19t!:^. ^ ^^o] -^71 9J<H^^ wl%^J^7> >atfl;^lui n ^ 

^ 600 "C o]^^ JL^^]^^S. ^^^^^ ^^^>Jl <^l'il:^H}.i« -^-JiSl-^^i^ ^^^l7l^ ^ 
%^^o] ^-Br ^1^11^ >^>-§-«l-T^. ^ ^^^^ 

=2i> 1) Cr203. AI2O3, Zr02. MgO, MnO ^ Si02 1# 5:^ 2^ <^]^^ ^^'^^] 

ZnO» ^^l^^l^lTiq- ^^A]^ ^-^^^ 91^. ^7l ZnO^ 

tfl^Vc^ 10 ifl^l 90 ^m>A *>^, ^^'^^7>>i «>-§- %^J-ir ^^^1 

7]7l ^«>c^ ^Bfloj) Cu Sfe Mn^ tfl^^H 0.01 xfl^l 60 ^m>. wV^^^V^ll^ 

0.01 ifl^l 10 ^^%» ^7>s. ^-H-^m 

=22> 2) Cr203. AI2O3. Zr02, MgO ^ Si02 f^-^Hl-^i 1# SE^ 2^ ^^l^S^ MnOx( 

<^7lAi, 1.0 vfl^^l 2.0 ^<^m)» ^^I^I^'ITIM- ^^A]^ ^-^S'H. ^i5i|^>8-Sl S 

^AS. ^S. 9X^. ^7] MnOx^l ^^1 tflBr>c^ 1 ifl^l 100 «>^^ 

*>7ll^ 1 ifl^l 40 ^^%7} SlS.^ t!:^. 

^3> 3) Cr203, AI2O3. Zr02. MnO ^ Si02 ^"^l^"! 1^ 2.^ 2^ ol^g-^ 

^ -a:^!-. CaO. BaO MgO» ^^l^l^lT^^- ^^a]^ ^-^''•I, ^sj^i^g- 

s\ 2:^0.^ ^1=1-. ^7l ^^Bl ^^1- €^1 ^^fl'^fl 1 ^ 

100 w>^^s]-7]]^ 1 vH^l 40 ^^%7} ^xq-. BaO. MgO ^ AI2O3* ^ 
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030064296 ^^ 'g^V: 2003/10/4 

24> 4) Cr203. AI2O3. Zr02, MgO ^ Si02 ^<Hl^i 1^ SEfe 2^ ol^g"^ ^^Ir-^l NiO» 

^^1^1 ^1^4 ^^A]^ ^3i)ii>^o^ ^^o.^ ^A^^ ^S. o;^!:!., .^V7l NiO^I 

-S: ^tiflofl t|]§M 1 20 W>^2|«1-7im 1 ^^1 10 ^^71- 5l5E^ ^r^-. 

25> o^^>^^7].>, ^o. ^-^Dfl[ZnO. MnOx(<=^7lA-l. 1.0 tfl^l 2.0 

:^olcf), ^^5^ AV^# NiO] ^^<:»1 -^71 T^l^o]^ ^tiflo^ ^A^ol ;^li4^l7fl 

^^171- ^Jl. ^71 2:aZ)-^>^ ^:5^7> i)-^ ^^S)^ ^^]7} 9Xt[ , 

26> .g. ^T^ofl ojtolAi, •^A^7>^S.^Bl r1p(|^6|lEfle# ^>^^7l ^-^b DME ^-§-7lSfe 

27> at!:. ^ ^A^7>^iS.-^Bl Cl Till ^ollBll 5-1- ^A^*V7l -¥1^ >^>-§-^^^ #^1] 

3-4 AJ^;^1 ^ofl, *^ Cu/ZnO/Ga203/Al203S >^>-§-^ ^ ^ ^^m^ ^^^^1^-. ^ 

13]. ^^pm. ^l#B]-olH ^31). Jl^m^ ^ ^o_T^, ^ 

^^1 *y=* 7]$o.^ 0.01 ^fl^l 80 wl-^^-sl-T]]^ 0.02 tfl^l 60 

7> #^fll- #^11^ ^-n-*>fe- DME ^-§-7]^ ^'^^7l-A» 500 50,000 

•nL/gcat.hrS. S'S^V^'H 200 xfl^l 400 13 ^ 1 ^fl^l 200 7]^, B>^^*l-7fl^ 20 

ifl^l 100 7l^ «l-<^Ai 
29> ^ ^T^6)] n^.^ DME H 1<H1 ^^l^^S.^, ^^7Vrii 

(1)S.^B] v\m7m ^^<H1 siSfl ^3^^=]^ ^^7>^i (H2 ^H20 (2)*. 
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DUE ^-§-Al>i^ C02^ ^^^^7>^i(RWGS) ^-§-^1 ^3^^^^ CO ^ H2 

7>^ (15)« 7V>i ^^7l-I ^^^1-31. ^^7>>i (3) ^ H2O 

(5)^ ^ 7].>, (4)^ 7l--i ^el7KPSA ^^^^D* >^>-g-^«^ H2 71- 

(6). CO2 f-^ 7>^i (7) ^ CO ^ H2 ^Bfloi ■^A^7>>i ^iB.^ (8)S. ^ 

Blt!:^. ^ ^^^7>^ ^iH^ (8)^ DME wV-f-^^^B] ^ CO2 ^ 

(10)3|- ^^^<^ H2/CO til7> ^ 0.1 1.5S. DME "^''^ ^-§-7lS. £. 

oj^Vc^ ^nfl ^y(^^d^ DME ^^^^-§-^ ^li^i^. tb^. ^7l H2 7>^i (6) 

^ CO2 7l->i (7)^ DME ^-1- ^ ^51^ CO2 7V>i ^B.^ (13)4 7>i 

^^7l-noll>H ^^-Sl ^^tt ^ ^^'^^7>^ «]:-§-7l(RWGS ^^7l)S. S.^<^ ^^>»^7>rii 
7l^ CO ^ H2 7l->i (15)S. ^^Al^ ^ 7>^ ^^71-IS. ^q-A] ^fl^^Al^rl-.. ^ 

^, DME ^-§-715- S.'g^ ^^i7}^^iE2/C0)S.^^ ^^^] CO, H2. CO2, DME ^ CH3OH 

^o] 7>^i (9)^ ^S^^^V^. ^ 7l<^(G-L) ^2l7lollAi H2 ^ CO2 

7>^ (10)^ ^'^^7>r=i (8)21- ^-^^l-uL, ^i^^l^l CO2. DME ^ CH3OH 

^ iiiH.^ (12)^ CO2-DME ^^7]S. DME ^ (aisOH ^iiH^ (16)^ 

214=^*>J1, CO2 7>-h ^iH^ (13)^ ^7l 7>^i ^^7l-II^ ;^1]^€Al^TCV. 

<*l'tl-^^ai» ^^^]^ DME S}:-§-7lS. ;^^€:a171^a-1 dME ^^^^-g-^ 

*]-^, msE^ 90% ^711 -B-^m ^ si^. ^71 ^o.^^ oix}.^^^ ^7] 
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32> ^2:<m 1 

^3> NiAl204 #T^fl« ^^^^S. ;*112:^<^ 850 'C<=fl'H 3>«>1?V ^i^^^^ ^ 0.5 

^^c^ -i^^^aCquartz wool)» ^l^l^lS. ^^o] s/S"<^ ul^^ ^-§-7H 
^o.o^^^ -^^-^S. -^^^l^V^tif. olAV5|.^>*.fi^. ^^71- 1 : 3^ S^^^ -&^7>>i-l- 24,000cm3 
/h.gcat^ -n-^-^S. ^-§-7lo)l ^'S^H 500-900 "Cofl^i ^-^^^7>>i ^-§-* -^^I^V^^i. 

CO2 ^^^^ «^V^^ ^^7>rii« A>^^ 7l^^^7lS. ^-§-1-4 

1:^ ^^*>^. a^*^^ <^l-§-*H C02^ CO ^^S. ^ CH4 

[^«)-^ 1] 

•35> 



002 ^MK^'B^ CO2 - «x>i^S CO2 t^)xlOO/^^v]€ CO2 HT 



[^^^ 21 



CO = CO ^a^txlGO/^M CO2 



36> 

[^^^ 31 

37> [a 11 



CH4 ^J^£ = CHi >9^^f xioo/M€ CO2 





500 


550 


6OO 


650 


700 


750 


800 


850 


m 


CO2 


54.9 


57.7 


58.7 


63.2 


67.5 


70.8 


73.2 


75.8 


78.3 


CO 


11.3 


16.9 


32.4 


49.1 


62.8 


69.2 


72.6 


75.8 


78.3 


CH4 -a^s. 


43.6 


40.8 


26.3 


14.1 


4.7 


1.6 


0.6 







22-11 



1030064296 
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38> ^^ofl 2 

14 «c}-^^ C02^ CO ^ CH4 1 ^^1 3<^1 

^ IS. 21 





500 


550 


600 


650 


700 


750 


800 


850 


900 


CO2 ^« 


28.2 


30.9 


35.9 


40.5 


44.1 


46.7 


49.4 


51.0 


52.9 


CO '^i^S. 


16.0 


21.7 


31.1 


39.2 


43.9 


46.7 


49.4 


51.0 


52.9 


CH4 -tl^S- 


12.2 


9.2 


4.8 


1.3 


0.2 











=42> ZnAl204 ^"fl# ^^'g-^S. ;*11^*V<^ 850 X:^^ 3^]^ ^<?> ^^^-^ ^ ^^1 

^ 7]^o.^ 0.5 Cu» ^^*H 450 ^91 ^7}S. ^^^^ 

Cu-ZnAl204 500 mg-i- ^<=gS.» xl;^!^]^. 3/8"^ ol^^ ^-§-7l<^1 #^-SV 

Sl^^. ^^^^ ^^-^S '^l-ar^^r^^i^ ^^7> 1 : 3^ 31^^91 ^^7>^» 

20,000cm3/h.gcat^ -a-^-^S. ^^7H ^•a^V'H 500-900 iC^fl^^i ^^^^7>>i ^^1*>^ 
^i. ^1^^4<^1 tc)-^ CO2 ^#*>^^. ^}^^ ^^7]->i» A>-g-^ 71^1^^ 7]^ ^-g- 
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#311. ^A^l:^ ^^^>ol. <^l-§-*H ^^tb C02^ l"^] 

^ IK 3] 





500 


550 


600 


650 


700 


750 


800 


850 


900 


CO2 


49.1 


55.6 


60.3 


65.5 


68.9 


72.9 


74.5 


76.4 


79.8 



:44> 4 

:45> c^«if^>^^7>^i ^-g- 600 -CS. ^>ul. §>7l 5. 4^1 ^-Bl-^ ti>sq- :^o] ^-§-^1^^ 

^1^7>^Ai CO2 ^^^^ ^^tb ^l^^>i^. 3^■ ^^a^ «c}-'^* C02^ 



:46> 4] 



-S-^l^l: (hr) 


1 


24 


4g 


72 


96 


120 


144 


168 


CO2 


30.2 


31.2 


29.9 


31.0 


30.7 


31.2 


31.6 


31.3 



=47> ^:2:<^1 5 
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=48> Zn0/Mn02 ^^M: #'fl« ^^'^-^S. ;*ll2:§H 850 1C<^1>H 3^]^ ^91 ^ 500 mg 

, ^ #1^H ^^s.* ^1^1^]^ 3/8"^ JL^^ ^-§-7Hl ^^^V^^o^, ^-g-<a-^^ 

^S-'a-.^S -^^1«>^^. <i1'i!r^^di5q- ^^7} 1 : 3^ ^^7>>i« 20.000cm3/h.gcat^ 

-H-^^S. ^-§-7H 500-900 X:<^^^ ^^>S7>>i ^-§-^ ^>»>l«>^>^i, ^^m^^i-oii vc\.^ 

CO2 ^#^>^tq-. o>s^ ^^7>^.» A>-g-t!: 71^1^^715. ^-§-1-311. A^A^l:^ ^^*> 

31, Ml-^^ <='l-§-*}<^ C02^ ^^<5q n^^}:^ ■&> 

71 S 5<^ M-Bi-lfl^l=l-. 
^49> [5. 51 





500 


550 


600 


650 


700 


750 


800 


850 


900 


OO2 


48.9 


54.6 


60.1 


65.1 


68.2 


71.9 


74.3 


77.4 


79.6 



«0> 6 

«i> ZnAl204 ^^M: ^^fl* ^^^g^S. 850 TC^^H 3^]:^ rii^^t!: ^ 0.5 

Si Cu# ^^*>^ 450 3^1 ^7>S. 4i>^J*M Cu-ZnAl204 500 mg^ ^*>«^ 

^^S.» s>\^o] 3/8"^ «]:-g-7lc^1 ^^^V^l-^^. ^-§-^^^ 1 ifl^l 50 

7l«g-o.^ ^^Al^lJi olAi-^^^iq. ^^7> 1 : 3^ Si^^^l ^■t7>^» 15,000cin3/h.gcat^ 
^^S. ^-§-7H 600 ■C<^>^i ^^^71-iii ^-g-g- ^A]*V^Ai. Al;?>;gui|.6|| ic|-^ CO2 ^ 

^^^>S^. <>VS^ ^^7>^i» A>-§.^ 7l^l^^7lS. ^^#4 ^<J4*>al. i 
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S2> [S. 61 





1 


10 


20 


30 


40 


50 


CO2 


59.6 


60.3 


60.5 


60.8 


60.9 


60.3 



53> ^X\d\] I 

S4> tifl^ 0.9 kmol/h. ^^l-tt^^^ 0.004 kmol/h. 0.06 kmol/h, 0.03 kmol/h. ^ 

^ 0.005 kmol/h ^ 0.0002 kmol/h, ^ 7fl:g^-§-^ -^^^ 0.57 kmol/h (^]^^ (D) 
« CH4 7fl^7lS ^^^o^ £ ^n'S. «>4 DME -^^^^^^ ^^*V5i^. 

S5> Z^- ^^^^^ ^£ ^ ^^Sj- ^-§-2::?i ^ 7>:i2:'^^^ *>7l 5. 7a ^ 7b<^1 

DME ^-§-7H H2/C0^ «m 1.27> ^JL, RffGS ^-|-7HAi 

'"'V-g-s)^ ^^>^^7>>i ^-g-§- %2^<^] 3«^Ai ;*fl2:t!: ^i^fl* '^V-S-^VSIt:!-. DME ^'^^ 

^ ^tt ^pflS.^ ICI-54 ^^nm-» 2:8^1 ^^^3\S. ^^tb ^}-§-*l-'^ :£ 1 

^ M-Bl-^ w>2|- DME ^^-i- (16)<H1>H 92.6 ^^^1^ 

<^B|ls.» 92.4 %Sl "S^itl-. 

S6> 
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-A 

«^Bd03006 
[S 7al 
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2 


3 


4 


6 


7 


g 


d 


(TC) 


535 


50 




50 


50 


280 


-10 




0 . UO 


O.UO 




Oi.Uo 


oX.Uo 


CI AO 

51. Uo 


CI no 
51. Oo 


H2 


0.3398794 


0.4570792 


0.6815813 


0.9982770 




0.482914 


0.2437937 


CO (-g-^-i:) 


0.0813524 


0.1153308 


0.1719775 


0.0017200 


0.0127427 


0.401153 


0.1383429 




0.0770776 


0.0867334 


0.1293239 




0.8624092 


0.010484 


0.3725413 


CH4 


0.0000639 


0.0000846 


0.000126 


- 


- 


0.001300 


0.0020500 


N2 


0.0001210 


0.0000999 


0.000149 




0.0000552 


0.001950 


0.0035300 


H2O (*^^) 


0.5015053 


0.3406696 


0.0168385 




0.1247664 


0.000066 


0.0137824 


DME (■i-*^) 






0.0000036 




0.0000264 


0.007930 


0.2103037 


MeOH (■!•$■§:) 












0.000023 


0.0156575 


(kmol/h) 


7.161153 


13.86761 


9.299532 


4.640273 


1.255073 


4.691872 


2,5851780 



I 



c57> 
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iSi 7bl 





10 


11 


12 


13 


14 


15 


16 




-10 


-10 


-12 


-23 


650 


650 


74 


(kg/cm3) 


51.03 


51.03 


21 


19 


7.00 


^7 AO 
7.OO 


1 a 00 
19.00 


H2 


0.434625 


0.434625 


0.007430 


0.015024 


0.7278002 


0.582234 




CO (M-i:) 


0.238286 


0.238286 


0.014358 


0.029032 


0.0060500 


0.151615 




CO2 (^&*) 


0.288619 


0.288619 


0.476520 


0.953906 


0.2426112 


0.097044 


0.009430 


CH4 (*^^) 


0.003200 


0.003200 


0.000619 


0.001250 


0.000107 


0.000107 


- 


N2 C^M) 


0.006070 


0.006070 


0.000388 


0.000785 


0.0000772 


0.000077 




H2O («-€r^) 


0.000242 


0.000242 


0.030564 




0.0233512 


0.168913 


0.060470 


DUE (-l-M) 


0.028876 


0.028876 


0.435162 




0.0000050 


0.000005 


0.860939 


MeOH (#«-^) 


0.000084 


0.000084 


0,034959 








0.069164 


^» (kmol/h) 


1.430736 


0.143076 


1.1554422 


0.570920 


6.706009 


6.706009 


0.583503 



*^J=-a: DME ^ 0.07-^-^S.>H , 7]^^ DME :^S^^ofl'««i ^ 0.44^^ <>1 
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Rd030064296 'U^}- 2003/10/4 

[^^*^ 1] 

^ 5a<H>«'i. DME ^-^i ^-§-:^H^i ^^^^ 'y*^ 

21 

^^A^7>:i: ^-§-«^l, ^^^^7>^i ^pfl 400 vfl;^l 1200 r ^s. ^ i ^fl 

^1 100 7]<g- ^^^>oDAi ^^^^ ^^-^s. *>fe 1}-^. 

3] 

^1 2 «J-<^1 ^<H>».i . 

^^^7}^:L ^-g-g- #n|j7>. Cr203, AI2O3. ZrOz. MgO, MnO ^ Si02 -S^^ 1^ 2^ 

^^l^a-^ 'iVsl-^"^ ZnO<^l ^^IsjTlM- ^-^S-Ai. ZnO<^l ^^1 tB§>c^ 10 xfl^l 90 

[^^% 4] 

^1 3 ^<HAi, 

^^A^7Viii ^-i-g- #^1)71-. Cu S.^ M ^^1 tfl-ar>o^ 0.01 ifl^l 60 ^7>S. ^-R- 
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[^^% 5] 

^1 2 ^<^1 9X^^^. 

^>-A^7].>, Hvo-^ ^Bfl7l-, Cr203. AI2O3. Zr02. MgO ^ Si02 1^ 2^ ol>S- 

SI ^^^^ MnOx(«^7lA-1, 1.0 ifl^l 2.0 ^«5lt:1-)ol ^^l^lTlM- . 

MnO^o] ^oflofl tfl^H 1 ^^1 100 ^-^^ ^^^S. nJ-^. 

^1 2 ^<H^i. 

^^A^7>^ ^o.^ #T.fl7>. Cr203. AI2O3. Zr02. MnO ^ Si02 f-'^fl^H 1^ 2^ ^'l'^ 

^ ^2l-#oil CaO. BaO ^ MgO -id^^ ^n^<=>] ^^l^^TlM- ^-^ 

S-Ai, <y:^ej s.^^ ^^1-<^1 ^^1 #'fl"='ll 1^*1-*=*^ 1 ^^1 100 "t-B-^ ^* ^^^^ 

[^^«J- 71 

^1 6 *^<^1 . 

#i>ll7> BaO. MgO ^ AlgOs* ^^^^-^S. ^Ayo^^inlvilolH^ ^^^S. *m «o>^ • 

C^^*J- 81 

^1 2 9X<^^^. 

^^^^71-^ ^-g-^ #^fl7l-. Cr203. AI2O3. Zr02. MgO ^ Si02 ^^]^^ 1^ 2^ <^1^ 

^ -ilr^^*^ Ni0<sl ^xl2£|7lM- ^-^^'^l. Ni0<5l ^^1 ^"fl'^fl tfl^<:^ 1 xfl^l 20 'f'^ 
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